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(57) ABSTRACT

Various embodiments provide systems and methods for
extreme ultraviolet (EUV) lithography light source. An exem-
plary system can include a laser radiation apparatus config-
ured to provide laser radiation. The system can further include
an EUV light excitation source material configured to receive
the laser radiation to generate an EUV light. The laser radia-
tion can generate droplets from the EUV light excitation
source material. The system can further include a collector
configured to collect the EUV light. The collector can include
a plurality of reflective mirrors surrounding the EUV light
excitation source material. The plurality of reflective mirrors
can be movable. The collector can further include a mirror
control system synchronized with the laser radiation appara-
tus and configured to set the plurality of reflective mirrors to
be in one of a reflective state for reflecting the EUV light and
a non-reflective state for preventing contamination by the
droplets.

15 Claims, 8 Drawing Sheets
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SYSTEM AND METHOD FOR REDUCING
CONTAMINATION IN EXTREME
ULTRAVIOLET LITHOGRAPHY LIGHT
SOURCE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-
cation No. CN201310315161.5, filed on Jul. 24, 2013, the
entire contents of which are incorporated herein by reference.

FIELD OF THE DISCLOSURE

The present disclosure relates to the field of semiconductor
fabrication and, more particularly, relates to systems and
methods for extreme ultraviolet (EUV) lithography exposure.

BACKGROUND

Lithography is a process of transferring desired patterns
onto a substrate (typically a target area of the substrate) such
that patterns are created in different device regions or current
regions. Specifically, using exposure in a lithography process,
a pattern can be created onto a photoresist layer (made of a
photo-sensitive polymer material) disposed on the surface of
the substrate to achieve pattern transfer.

With rapid development of semiconductor process tech-
nologies, feature sizes of patterns to be exposed by the lithog-
raphy process have become smaller and smaller, which
requires an increasingly higher resolution of lithography. The
lithography resolution, or the minimum feature size of lithog-
raphy is given based on the Rayleigh’s criterion, as shown in
equation (1):

CD=k1xWNA o)

wherein A is the exposure wavelength of the lithography
process. NA is the numerical aperture of the projection sys-
tem of lithographic equipment. k1 is a lithography process-
related factor. CD is the minimum feature size (or critical
dimension) of the printed pattern. According to the above
equation (1), CD can be reduced by three methods, i.e., reduc-
ing the exposure wavelength, increasing the numerical aper-
ture, or decreasing the k1 factor.

EUV lithography has been considered the most promising
lithographic technology. EUV lithography radiation is an
electromagnetic radiation having a wavelength ranging from
5 nm to 20 nm and currently is generated by, either laser-
produced plasma (LPP), or discharge-produced plasma
(DPP).

EUV lithography light source system for generating EUV
light usually includes a source-excitation module for gener-
ating an EUV-light-producing plasma from a vaporized
source material, and a collector module for collecting and
collimating the appropriate EUV light generated from the
EUYV light source-excitation module into an optical non-tele-
centric system. In a laser-produced plasma system, the
source-excitation module usually applies high-energy laser
beams to the source material which then produces plasma in
the excitation source. In a discharge produced plasma system,
high voltage produces plasma which generates EUV light in
the excitation source. The collector module has a number of
optical elements to direct, select, and collimate the EUV light
at a desired wavelength into an output EUV beam.

However, when a conventional EUV light source system
excites the solid source material into vapor which then forms
EUV-producing plasma, the source material vapor droplets
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may condense on the EUV light-collecting optical elements.
As aresult, these condensed droplets can contaminate EUV
light reflecting optics in the source system. In addition, the
downstream EUV-collecting optics can get contaminated by
the flying-over droplets. Once contaminated, light-collecting
efficiency goes down quickly. The disclosed methods and
systems are directed to solve one or more problems set forth
above and other problems.

BRIEF SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure includes a system for
preventing light source contamination in extreme ultraviolet
(EUV) lithography system. The system can include a laser
radiation apparatus configured to provide pulsed laser radia-
tion. The system can further include an EUV light excitation
source material configured to receive the laser radiation and
generate an EUV-light-producing plasma. The plasma can
emit EUV photons. The laser radiation can generate droplets
from the EUV light excitation source material. The system
can further include a collector configured to collect the EUV
light. The collector can include a plurality of reflective mir-
rors surrounding the EUV light excitation source material.
The plurality of reflective mirrors can be movable. The col-
lector can further include a mirror control system synchro-
nized with the laser radiation apparatus with a predetermined
delay time. The collector is configured to set the plurality of
reflective mirrors to be in a reflective state for reflecting the
EUYV light and a non-reflective state for preventing contami-
nation by the droplets.

Another aspect of the present disclosure includes a system
for EUV lithography light source. The system can include a
pulsed high-voltage-discharge apparatus configured to apply
a high-voltage discharge. The system can further include an
EUV light excitation source material configured to receive
the high-voltage discharge to generate an EUV-light-produc-
ing plasma. The high-voltage discharge can generate droplets
from the EUV light excitation source material. The system
can further include a collector configured to collect the EUV
light from the source material. The collector can include a
plurality of reflective mirrors surrounding the EUV light exci-
tation source material. The plurality of reflective mirrors can
be movable. The collector can further include a mirror control
system synchronized with the high-voltage-discharge appa-
ratus and configured to set the plurality of reflective mirrors to
be in one of a reflective state for reflecting the EUV light and
a non-reflective state for preventing contamination by the
droplets.

Another aspect of the present disclosure includes a method
for EUV lithography light source decontamination. The sys-
tem for EUV lithography light source decontamination can
include a plurality of reflective mirrors and a mirror control
system. The method can include generating an EUV-light-
producing plasma by exciting an EUV light excitation source
material, wherein the EUV light excitation source material
has droplets condensing on the reflective mirrors. When the
EUYV light excitation source material is excited to generate the
EUV light, the mirror control system can configure the plu-
rality of reflective mirrors to be in a reflective state for reflect-
ing the EUV light. After the EUV light excitation source
material stops generating the EUV light, and before the drop-
lets reach the reflective mirrors, the mirror control system can
configure the plurality of reflective mirrors to be in a non-
reflective state for preventing contamination by the droplets.
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Other aspects or embodiments of the present disclosure can
beunderstood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a system for EUV lithography light source
that applies a high-energy laser beam to an EUV light exci-
tation source material to generate an EUV light;

FIG. 2A depicts a structure diagram of an exemplary sys-
tem for EUV lithography light source in a reflective state in
accordance with various disclosed embodiments;

FIG. 2B depicts a structure diagram of an exemplary sys-
tem for EUV lithography light source in a non-reflective state
in accordance with various disclosed embodiments;

FIG. 3 depicts time sequences of pulses of an incident laser
beam, contaminating droplet arrivals, a reflective mirror
being in a reflective state, and a reflective mirror being in a
non-reflective state, as a function of time in accordance with
various disclosed embodiments;

FIG. 4 depicts a structure diagram of another exemplary
system for EUV lithography light source including an outer
droplet stopper in accordance with various disclosed embodi-
ments; and

FIG. 5 depicts a system for EUV lithography light source
that applies pulsed high-voltage charge to an EUV light exci-
tation source material to generate an EUV light;

FIG. 6A depicts a structure diagram of another exemplary
system for EUV lithography light source in a reflective state
in accordance with various disclosed embodiments;

FIG. 6B depicts a structure diagram of another exemplary
system for EUV lithography light source in a non-reflective
state in accordance with various disclosed embodiments;

FIG. 7 depicts the time sequences of the DPP system sig-
nals, including pulses of a high voltage, contaminating drop-
let arrivals, a reflective mirror being in a reflective state, and
areflective mirror being in a non-reflective state, as a function
of time in accordance with various disclosed embodiments;

FIG. 8 depicts a structure diagram of another exemplary
system for EUV lithography light source including an outer
droplet stopper in accordance with various disclosed embodi-
ments; and

FIG. 9 depicts an exemplary computer-based mirror con-
trol system consistent with the disclosed embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

An EUV light can be generated by a plasma from a number
of source materials. A light source system for generating an
EUV light can usually include a source-excitation module for
exciting a source material to provide an EUV-light-producing
plasma, and a collector module for collecting EUV light at
desired wavelength. In various embodiments, collecting of
the EUV light can refer to any appropriate functions including
directing, collimating the EUV light, without limitation.

The source-excitation module can apply a high-energy
laser beam to the EUV light excitation source material, or
apply a high-voltage to the EUV light excitation source mate-
rial (i.e., charge the EUV light excitation source material at a
high voltage), such that a plasma can be generated, and the
plasma can radiate an EUV light. The collector module can
include a reflective-mirror-type normal incidence radiation
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collector, or a collector, used for receiving the EUV light and
collimating the EUV light into a beam.

The EUV light excitation source material can typically
include metal (e.g. tin, lithium) particle(s), a gas (e.g., xenon),
and/or a vapor stream (e.g., i vapor). When the EUV light
excitation source material is excited, the excitation of the
EUYV light excitation source material usually is incomplete.
After a vaporization phase, droplets condense from the EUV
light excitation source material. The droplets can be incident
on a reflecting surface of the collector (or a collector surface)
inan EUV exposure machine, and thus can reduce reflectivity
of the collector surface or adhere to the collector surface to
cause contamination.

According to the present disclosure, there can be a time
delay between excitation of an EUV light excitation source
material and contamination of the collector surface by drop-
lets. Because speed of light is about 10® m/s, while the drop-
lets can have a speed (or velocity) ranging from about 1 m/sec
to about 5 m/sec, the speed of the droplets can be much lower
than the speed of light. In addition, there can be a preset
distance between the EUV light excitation source material
and the collector. When an EUV light reaches the collector
surface, the droplets have yet not arrived at the collect surface
therefore have not contaminated the collector yet. That is, the
droplets can reach the collector after a certain time length
from laser radiation.

Therefore, various embodiments provide a system for
EUV lithography light source. The system can have movable
reflective mirror(s) in a collector, and can effectively reflect
EUV light and reduce risk of contamination of droplets. For
example, a reflective mirror can be configured to change
between a reflective state and a non-reflective state. When an
EUV light excitation source material is excited, the reflective
mirror can be configured to be in the reflective state. The
reflective state can be suitable for reflecting an EUV light.
After the EUV light excitation source material is excited, the
reflective mirror can be configured to be in the non-reflective
state. The non-reflective state can be suitable for avoiding the
droplet contamination. Thus contamination of the collector
can be prevented.

As used herein, unless otherwise specified, a light source
system for EUV lithography is a light source system for an
EUV lithography machine, and can be referred to as an EUV
light source system or a system for EUV lithography light
source.

For example, when the reflective mirror(s) are configured
to be in the reflective state, the reflective mirrors can be
configured to direct an EUV light. When the reflective mirror
(s) are configured to be in the non-reflective state, a reflective
surface of each reflective mirror can be rotated to be substan-
tially parallel to a flight direction ofthe droplets. For example,
a reflective mirror (or the reflective surface of a reflective
mirror) can be rotated to be substantially parallel to the cor-
responding flight direction of the droplets. Thus, probability
of the droplets fall onto the reflective surface of the each
reflective mirror can be reduced, and risk of contamination of
the reflective mirrors can be reduced.

In various embodiments, a reflective mirror parallel to the
‘corresponding flight direction of droplets’ can refer to a
reflective mirror parallel to the flight direction of the droplets
flying near or close to the reflective mirror.

The reflective mirror can be made of a material including
molybdenum, molybdenum alloy, silicon, ruthenium, and/or
ruthenium alloy. Alternatively, the reflective mirror can have
a silicon substrate and the silicon substrate can have a surface
coated (e.g., plated) with a multi-layer structure including,
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e.g., silicon molybdenum film(s), molybdenum alloy, ruthe-
nium and/or ruthenium alloy film(s).

The reflective mirror can be movable and can be rotated
along a predetermined axis. The predetermined axis can be a
central axis of the reflective mirror, a center line of the EUV
light excitation source material, or any straight line located in
the EUV light source system. The predetermined axis can be
selected based on the consideration that the reflective mirror
can be contaminated less by the droplets when rotating along
the predetermined axis. The predetermined axis can be
selected according to the actual EUV light source system, and
is not limited in the present disclosure.

The reflective mirror can be movable by providing addi-
tional control apparatus including, e.g., using electric control,
magnetic control, and/or mechanical control to control the
movable reflective mirror.

FIG. 1 depicts a system for EUV lithography light source
that applies a high-energy laser beam to an EUV light exci-
tation source material to generate an EUV light. For example,
a process of applying a high-energy laser beam to an EUV
light excitation source material to generate an EUV light (i.e.,
alaser-plasma mode) can include radiating a laser beam at the
EUYV light excitation source material to generate a plasma.
The plasma can thus radiate an EUV light.

Referring to FIG. 1, in one embodiment, a system for EUV
lithography light source can include a EUV light excitation
source material 200. The EUV light excitation source mate-
rial can include Xe, Sn, and/or Li. The system for EUV
lithography light source can further include a laser radiation
apparatus 230. The laser radiation apparatus 230 can be con-
figured to provide laser radiation. The laser radiation can be
used for heating the EUV light excitation source material 200
to generate a plasma 210. The laser radiation apparatus 230
can include a CO, laser (i.e., a laser apparatus) to excite or
activate a laser have a wavelength of about 10.6 microns. The
plasma can radiate an EUV light. The system for EUV lithog-
raphy light source can further include a collector 220 pro-
vided at a periphery of the EUV light excitation source mate-
rial 200. The collector 220 can be configured to focus the
EUV light.

As previously described, the vaporization of the EUV light
excitation source material usually is incomplete, resulting in
large amount of droplets condensing on the reflective mirror
surface. Even if the vaporization is complete, condensation of
droplets on cool surfaces is often unavoidable. After the EUV
light excitation source material is excited, droplets 240 can be
produced. The droplets 240 can be incident on a surface of the
collector 220 or surface of other optical devices in the EUV
source area, and thus can reduce reflectivity of the surface of
the collector 220 or adhere to the surface of the collector 220
to cause contamination.

There can be a time delay between emission of the EUV
light excitation source material 200 and contamination of the
surface of the collector 220 by the droplets 240 from their
time of flight. Because speed of light is about 10® m/s, while
the droplets 240 can have a speed ranging from about 1 m/sec
to about 5 m/sec, the speed of the droplets 240 can be much
lower than the speed of light. In addition, there can be a preset
distance between the EUV light excitation source material
200 and the collector 220. When an EUV light reaches the
surface of the collector 220, the droplets 240 have yet not
contaminated the collector 220. That is, the droplets 240 can
reach the collector 220 after a delay time T from starting of the
laser radiation.

The various disclosed embodiments provide a system for
EUV lithography light source. FIG. 2A depicts a structure
diagram of an exemplary system for EUV lithography light
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source in a reflective state in accordance with various dis-
closed embodiments. FIG. 2B depicts a structure diagram of
an exemplary system for EUV lithography light source in a
non-reflective state in accordance with various disclosed
embodiments.

The system for EUV lithography light source can have a
collector for accommodating EUV light. The collector can
include a plurality of reflective mirrors 301. The reflective
mirrors 301 can be movable under the control of a mirror
control system 320 synchronized with an EUV generation
apparatus, e.g., a laser radiation apparatus. The reflective
mirrors 301 can be configured to be in a reflective state or in
a non-reflective state. The reflective state can be suitable for
reflecting an EUV light. The non-reflective state can be suit-
able for avoiding contamination by droplets 302. That is,
during a laser radiation, the reflective mirrors 301 can be
configured to be in the reflective state, to reflectan EUV light.
After the laser radiation, the reflective mirrors 301 can be
configured to be in the non-reflective state. Because the drop-
lets 302 can reach the collector after a delay time T after the
laser radiation, the non-reflective state can be suitable for
avoiding contamination by the droplets 302.

The delay time T is a time length that can be constrained by
a pulse duration time of the incident laser beam, an incident
time of the incident laser beam, a speed of the incident laser
beam, a speed of the EUV light, designed size of components
of'the EUV light source system, type of the EUV light exci-
tation source material, and/or size of the droplets. In various
embodiments, the plurality of reflective mirrors 301 can be
arranged along (i.e., around or surrounding) an EUV light
excitation source material 311. The collector formed by the
plurality of reflective mirrors 301 can collect and focus the
EUYV light to a central focal point or to a virtual source point.

In various embodiments, the number of the reflective mir-
rors 301 canbe about2,3,4...7...10...,ie., any number
greater than or equal to 2. A greater number of the movable
reflective mirrors 301 can result in a better effect of avoiding
contamination from the droplets 302. However, a greater
number of the reflective mirrors 301 can lead to increased
cost, increased difficulty of controlling reflection, and
reduced efficiency of the reflection. The number of the reflec-
tive mirrors 301 can be selected according to needs of actual
EUYV exposure, and is not limited in the present disclosure.

The reflective mirrors 301 can be made of a material
including molybdenum, molybdenum alloy, silicon, ruthe-
nium, and/or ruthenium alloy. Alternatively, the reflective
mirrors 301 can have a silicon substrate and the silicon sub-
strate can have a surface coated (e.g., plated) with a multi-
layer structure including, e.g., silicon molybdenum film,
molybdenum alloy, ruthenium and/or ruthenium alloy film.

The system for EUV lithography light source in accor-
dance with various embodiments can further include an EUV
generation apparatus for generating an EUV light. The EUV
generation apparatus can include a laser radiation apparatus
and an EUV light excitation source material 311. The EUV
generation apparatus can be a pulsed laser radiation apparatus
to generate a plasma 310 by radiating a laser beam at the EUV
light excitation source material 311. The plasma 310 can then
radiate an EUV light. The EUV generation apparatus can be
independent of the system for EUV lithography light source
or can be provided in the system for EUV lithography light
source.

FIG. 2A depicts the reflective mirrors 301 configured to be
in a reflective state. For example, the laser radiation apparatus
of'the EUV generation apparatus can radiate a laser beam to
excite the plasma 310. The laser beam can be in a pulse mode.
During an incidence time of the laser beam, the laser beam
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can be incident on the EUV light excitation source material
311 to generate the plasma 310. The plasma 310 can then
radiate an EUV light. At the same time, the plurality of reflec-
tive mirrors 301 have reflective surface(s) facing right at the
EUV light, to form a reflective state, e.g., to form a curved
reflective surface, to converge the EUV light to a focal point.

FIG. 2B depicts the reflective mirrors 301 configured to be
in a non-reflective state. When the incidence time stops, or
during a time length after the incidence, the reflective mirrors
301 can be configured to be in the non-reflective state. In one
embodiment, the reflective surface(s) of the reflective mirrors
301 can be rotated to (e.g., parallel to) flight direction(s) of the
droplets 302, such that contamination by the droplets 302 can
be avoided.

In another embodiment, in order to better avoid the con-
tamination by the droplets 302, the reflective mirrors 301 can
be inthe reflective state or the non-reflective state correspond-
ing to the pulse mode of the incident laser beam. A time of
configuring the reflective mirrors 301 to be in the non-reflec-
tive state can lag behind a pulse duration time of the incident
laser beam, in order to avoid facing flight direction(s) of the
droplets 302.

The exciting laser can be pulsed laser or laser clusters. It
can also be continuously firing laser or laser clusters time-
modulated into pulsed modes. The time of configuring the
reflective mirrors 301 to be in the non-reflective state can lag
behind the pulse duration time of the incident laser beam by a
delay time T. That is, a starting time of the reflective mirrors
301 being in the non-reflective state can lag behind a starting
time of the pulse duration time of the incident laser beam by
a delay time T. The delay time T can range from about 2
milliseconds to about 12 milliseconds (e.g., about 10 milli-
seconds as shown by waveform Din FIG. 3). In various
embodiments, ‘a starting time of the reflective mirrors 301
being in the non-reflective state’ can refer to a starting time
from which the reflective mirrors 301 start to be in the non-
reflective state.

There can be a time delay between excitation of the EUV
light excitation source material 311 and contamination of the
surface of the reflective mirrors 301 by the droplets 302.
Because the speed of light is about 10® m/s, while the droplets
302 can have a speed ranging from about 1 m/sec to about 5
m/sec, the speed of the droplets 302 can be much lower than
the speed of light. In addition, there can be a preset distance
between the EUV light excitation source material 311 and the
collector. For example, a chamber size of the collector can
range from about 10 cm to about 30 cm. According to the
above data, it can take a time ranging from about 20 millisec-
onds to about 60 milliseconds for the droplets 302 to arrive at
the reflective mirrors 301.

According to the above data, FIG. 3 depicts time sequences
of pulses of an incident laser beam, contaminating droplet
arrivals, a reflective mirror being in a reflective state, and a
reflective mirror being in a non-reflective state, as a function
of time in accordance with various disclosed embodiments.
Waveform A corresponds to pulses of an incident laser beam,
waveform B corresponds to droplet contamination, waveform
C corresponds to a reflective mirror being in a reflective state,
and waveform D corresponds to a reflective mirror being in a
non-reflective state.

For illustrative purposes, in this case, the incident laser
beam can have a pulse duration time ranging from about 1
nanosecond to about 1 microsecond, or from about 1 nano-
second to about 1 millisecond as shown by waveform A in
FIG. 3, and it can take a time of about 10 microseconds (or
about 10 milliseconds) for the droplets 302 to arrive at the
reflective mirrors 301.
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Waveform A as shown in FIG. 3 depicts a pulse frequency
of an incident laser beam. The incident laser beam can have a
pulse duration time ranging from about 1 nanosecond to
about 1 millisecond. Correspondingly, waveform B as shown
in FIG. 3 depicts a time length when the droplets 302 can
contaminate reflective mirrors 301. For example, the time
length when the droplets 302 can contaminate reflective mir-
rors 301 can start at about 10 milliseconds from starting time
of the incidence of the laser beam, i.e., can start at the time
when the droplets 302 can arrive at the reflective mirrors 301.

Therefore, correspondingly, waveform C as shown in FIG.
3 depicts the reflective mirrors 301 being in the reflective state
as a function of time. Because the reflective mirrors 301 need
to accommodate or focus the EUV light, the time length of the
reflective mirrors 301 being in the reflective state can be
greater than the pulse duration time of the incident laser beam
and less than the time length for the droplets 302 to start
arriving at the reflective mirrors 301. The time length for the
droplets 302 to start arriving at the reflective mirrors 301 can
refer to a time length between a starting time of the pulse
duration time of the incident laser beam and a time when the
droplets 302 start to arrive at the reflective mirrors 301.

Correspondingly, waveform D as shown in FIG. 3 depicts
the reflective mirrors 301 being in the non-reflective state as a
function of time. The reflective mirrors 301 need to be in the
non-reflective state when the droplets 302 may contaminate
the reflective mirrors 301. Therefore, the time length of the
reflective mirrors 301 being in the non-reflective state can be
greater than the time length during which the droplets 302 can
contaminate the reflective mirrors 301. Then the reflective
mirrors 301 can be in the reflective state during the next pulse
of the incident laser beam.

The time or the time length of the reflective mirrors 301
being in the reflective state or the non-reflective state need to
be set based on parameters including a pulse duration time of
the incident laser beam, an incident time of the incident laser
beam, a speed of the incident laser beam, a speed of the EUV
light, designed size of components of the EUV light source
system, type of the EUV light excitation source material,
and/or size of the droplets. In various embodiments, an addi-
tional control apparatus can be provided to control switching
of the reflective mirrors 301 between the reflective state and
the non-reflective state, via electric control, magnetic control,
and/or mechanical control. When the laser radiation is in a
pulse mode, the time of configuring the reflective mirrors 301
to be in the non-reflective state can lag behind the pulse
duration time of the incident laser beam. That is, a starting
time of the reflective mirrors 301 being in the non-reflective
state can lag behind a starting time of the pulse duration time
of'the incident laser beam by a delay time T, in order to avoid
facing flight direction(s) of the droplets 302.

In various embodiments, the time length of the reflective
mirrors 301 being in the reflective state can be greater than the
pulse duration time of the incident laser beam and less than
the time length for the droplets 302 to start arriving at the
reflective mirrors 301. The time length for the droplets 302 to
start arriving at the reflective mirrors 301 can refer to a time
length between a starting time of the pulse duration time of
the incident laser beam and a time when the droplets 302 start
to arrive at the reflective mirrors 301.

The time length of the reflective mirrors 301 being in the
non-reflective state can be greater than the time length during
which the droplets 302 can contaminate the reflective mirrors
301. Then, the reflective mirrors 301 can be in the reflective
state during the next pulse of the incident laser beam.

In one embodiment, the incident laser beam can have a
pulse duration time ranging from about 1 nanosecond to
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about 1 microsecond, or from about 1 nanosecond to about 1
millisecond. The time of configuring the reflective mirrors
301 to be in the non-reflective state can lag behind the pulse
duration time of the incident laser beam by a delay time T
ranging from about 2 milliseconds to about 12 milliseconds.

In various embodiments, the plurality of reflective mirrors
are moved into the non-reflective state at the delay time T after
a starting time of each laser pulse cycle of the laser radiation.
The delay time T can be shorter than or substantially equal to
a flight time of the droplets to fly from the source material to
reach a surface of a reflective mirror of the plurality of reflec-
tive mirrors.

FIG. 4 depicts a structure diagram of another exemplary
system for EUV lithography light source including an outer
droplet stopper in accordance with various disclosed embodi-
ments. Optionally, the system may further include a droplet
collector 340 provided at an outer periphery of the collector.
The droplet collector 340 can be configured to capture the
droplets 302 that fly away from the EUV light excitation
source material (e.g., the EUV light excitation source mate-
rial 311 as shown in FIGS. 2A-2B), to prevent the droplets
302 from contaminating other components of the EUV expo-
sure machine.

The droplet collector 340 can include a bowl-like structure
or a frame-like structure provided outside the collector and
surrounding the collector. When the droplet(s) 302 fly out
through a gap between one reflective mirror 301 and another
reflective mirror 301, the droplet collector 340 can capture the
droplet(s) 302, thus preventing the droplets 302 from con-
taminating other components of the EUV exposure machine.

According to various embodiments, reflective mirrors can
be configured to be movable and rotatable along a predeter-
mined axis when accommodating an EUV light. Thus, the
reflective mirrors can avoid droplets, to prevent reflective
surface of the reflective mirrors from being contaminated by
the droplets. As a result, maintenance cost of the EUV expo-
sure machine can be reduced.

Further, the reflective mirrors can be movable and rotatable
along a predetermined axis, and thus can be configured to be
in a reflective state or a non-reflective state. When the reflec-
tive mirrors are configured to be in the reflective state, the
plurality of reflective mirrors can be configured to converge
EUV lights. When the reflective mirrors are configured to be
in the non-reflective state, the reflective surfaces of the reflec-
tive mirrors can be rotated to (e.g., parallel to) flight directions
of the droplets, such that contamination of the reflective sur-
face(s) of the reflective mirrors by the droplets can be reduced
to a minimum.

Furthermore, the reflective mirrors can be in the reflective
state or the non-reflective state corresponding to the pulse
mode of the incident laser beam. The time or the time length
of the reflective mirrors being in the reflective state or the
non-reflective state can be set based on parameters including
a pulse duration time of the incident laser beam, an incident
time of the incident laser beam, a speed of the incident laser
beam, a speed of the EUV light, designed size of components
of'the EUV light source system, type of the EUV light exci-
tation source material, and/or size of the droplets.

In addition, the time length of the reflective mirrors being
in the reflective state can be greater than the pulse duration
time of the incident laser beam and less than the time length
for the droplets to start arriving at the reflective mirrors. The
time length for the droplets to start arriving at the reflective
mirrors can refer to a time length between a starting time of
the pulse duration time of the incident laser beam and a time
when the droplets start to arrive at the reflective mirrors.
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The time length of the reflective mirrors being in the non-
reflective state can be greater than the time length when the
droplets can contaminate the reflective mirrors. Thus, the
contamination by the droplets can be further reduced.

FIG. 5 depicts a system for EUV lithography light source
that applies pulsed high-voltage charge to an EUV light exci-
tation source material to generate an EUV light. For example,
a process of applying a high voltage to an EUV light excita-
tion source material to generate an EUV light (i.e., a discharg-
ing-plasma mode) can include high-voltage charging the
EUYV light excitation source material to generate a plasma.
The plasma can thus radiate an EUV light.

In various embodiments, when a high voltage is applied to
an EUV light excitation source material, the EUV light exci-
tation source material can be charged, a plasma can be gen-
erated by a discharge process triggered by the charging. The
charging and discharging process can be substantially simul-
taneous. Thus, as used herein, a mechanism of exciting an
EUYV light excitation source material to generate a plasma
using a high-voltage charge can be interchangeably referred
to as high-voltage charge or high-voltage discharge.

Referring to FIG. 5, in one embodiment, a system for EUV
lithography light source can include an EUV light excitation
source material 402. The EUV light excitation source mate-
rial can include, e.g., Xe, Sn, and/or Li. The system can
further include a high-voltage-discharge apparatus 401. The
high-voltage-discharge apparatus 401 can be configured to
apply a pulsed high voltage to charge the EUV light excitation
source material 402, to generate a plasma 403. The plasma
403 can radiate an EUV light. The system can further include
a collector 404 provided at a periphery of the EUV light
excitation source material 402. The collector 404 can be
configured to focus the EUV light.

As previously described, the excitation of the EUV light
excitation source material can usually be incomplete. After
the EUV light excitation source material is excited, droplets
405 can be produced. The droplets 405 can be incident on a
surface of the collector 404 or surface of other optical devices
in the EUV exposure machine, and thus can reduce reflectiv-
ity of the surface of the collector 404 or adhere to the surface
of the collector 404 to cause contamination.

Itis found that there can be a time delay between excitation
of'the EUV light excitation source material 402 and contami-
nation of the surface of the collector 404 by the droplets 405.
Because speed of light is about 10° m/s, while the droplets
405 can have a speed ranging from about 1 m/sec to about 5
m/sec, the speed of the droplets 405 can be much lower than
the speed of light. In addition, there can be a preset distance
between the EUV light excitation source material 402 and the
collector 404. When an EUV light reaches the surface of the
collector 404, the droplets 405 have yet not contaminated the
collector 404. That is, the droplets 405 can reach the collector
404 after a delay time T2 from starting of the high-voltage
charging.

Therefore, various embodiments provide a system for
EUV lithography light source. FIG. 6A depicts a structure
diagram of another exemplary system for EUV lithography
light source in a reflective state in accordance with various
disclosed embodiments. FIG. 6B depicts a structure diagram
of another exemplary system for EUV lithography light
source in a non-reflective state in accordance with various
disclosed embodiments.

The system for EUV lithography light source can have a
collector for accommodating EUV light. The collector can
include a plurality of reflective mirrors 501. The reflective
mirrors 501 can be movable when accommodating the EUV
light, and can be configured to be in a reflective state or in a
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non-reflective state. The reflective mirrors 501 can be mov-
able under the control of a mirror control system 520 syn-
chronized with an EUV generation apparatus, e.g., a high-
voltage-discharge apparatus.

In various embodiments, the plurality of reflective mirrors
501 can be arranged around an EUV light excitation source
material 502. The collector formed by the plurality of reflec-
tive mirrors 501 can collect and focus the EUV light to a
central focal point or to a virtual source point.

In various embodiments, the number of the reflective mir-
rors 501 canbeabout2,3,4...7...10...,ie., any number
greater than or equal to 2. A greater number of the movable
reflective mirrors 501 can result in a better effect of avoiding
contamination from droplets 504. However, a greater number
of the reflective mirrors 501 can lead to increased cost,
increased difficulty of controlling reflection, and reduced effi-
ciency of the reflection. The number of the reflective mirrors
501 can be selected according to needs of actual EUV expo-
sure, and is not limited in the present disclosure.

The reflective mirrors 501 can be made of a material
including molybdenum, molybdenum alloy, silicon, ruthe-
nium, and/or ruthenium alloy. Alternatively, the reflective
mirrors 501 can have a silicon substrate and the silicon sub-
strate can have a surface coated (e.g., plated) with a multi-
layer structure including, e.g., silicon molybdenum film,
molybdenum alloy, ruthenium and/or ruthenium alloy film.

In various embodiments, the reflective mirrors 501 can be
configured to be in a reflective state or in a non-reflective
state. The reflective state can be suitable for reflecting an
EUYV light. The non-reflective state can be suitable for avoid-
ing contamination by the droplets 504.

For example, an EUV generation apparatus can be a pulsed
high-voltage-discharge apparatus to generate an EUV light
by exciting the EUV light excitation source 502 using high-
voltage discharging. The high voltage can be applied in a
pulse mode. The EUV generation apparatus can be indepen-
dent of the system for EUV lithography light source or can be
provided in the system for EUV lithography light source. The
pulsed high-voltage-discharge apparatus can includes a
pulsed high voltage generator, or a continuous high voltage
generator followed by a pulse modulator.

For illustrative purposes, in this case, the high voltage can
have a pulse duration time ranging from about 1 nanosecond
to about 1 millisecond. The time of configuring the reflective
mirrors 501 to be in the non-reflective state can lag behind the
pulse duration time of the high voltage by a delay time T2.
That is, a starting time of the reflective mirrors 501 being in
the non-reflective state can lag behind a starting time of the
pulse duration time of the high voltage by a delay time T2.
The delay time T2 can range from about 2 milliseconds to
about 12 milliseconds. In various embodiments, ‘a starting
time of the reflective mirrors 501 being in the non-reflective
state’ can refer to a starting time from which the reflective
mirrors 501 start to be in the non-reflective state.

The delay time T2 is a certain time length that can corre-
spond to the pulse mode of the high voltage, and can be
constrained by parameters including, e.g., the pulse duration
time of the high voltage, an application time of the high
voltage, a speed of the EUV light, designed size of compo-
nents of the EUV light source system, type of the EUV light
excitation source material, and/or size of the droplets.

Still referring to FIG. 6A, FIG. 6A depicts the reflective
mirrors 501 configured to be in a reflective state. For example,
the EUV light excitation source material 502 can be charged
by a pulsed high voltage. When the high voltage is applied to
the EUV light excitation source material 502, the EUV light
excitation source material 502 can generate a plasma 503
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under the high voltage. The plasma 503 can then radiate an
EUYV light. At the same time, the plurality of reflective mirrors
501 have reflective surface(s) facing right at the EUV light, to
form a reflective state, e.g., to form a curved reflective sur-
face, to converge the EUV light to a focal point.

FIG. 6B depicts the reflective mirrors 501 configured to be
in a non-reflective state. When the application of the high
voltage onthe EUV light excitation source material 502 stops,
the reflective mirrors 301 can be configured to be in the
non-reflective state. In one embodiment, the reflective surface
(s) of the reflective mirrors 501 can be rotated to (e.g., parallel
to) flight direction(s) of the droplets 504, such that contami-
nation by the droplets 504 can be avoided.

In another embodiment, in order to better avoid the con-
tamination by the droplets 504, the reflective mirrors 501 can
be in the reflective state or the non-reflective state correspond-
ing to the pulse mode of the high voltage. When the high
voltage is in the pulse mode, a time length of the reflective
mirrors 501 configured to be in the non-reflective state can lag
behind a pulse duration time of the high voltage. That is, a
starting time of the reflective mirrors 501 being in the non-
reflective state can lag behind a starting time of the pulse
duration time of the incident laser beam by a delay time T2, in
order for the reflective surface of the reflective mirrors 501 to
avoid facing flight direction(s) of the droplets 504.

There can be a time delay between excitation of the EUV
light excitation source material 502 and contamination of the
surface of the reflective mirrors 501 by the droplets 504.
Because the speed of light is about 10® m/s, while the droplets
504 can have a speed ranging from about 1 m/sec to about 5
m/sec, the speed of the droplets 504 can be much lower than
the speed of light. In addition, there can be a preset distance
between the EUV light excitation source material 502 and the
collector. For example, a chamber size of the collector can
range from about 10 cm to about 30 cm. According to the
above data, it can take a time ranging from about 20 millisec-
onds to about 60 milliseconds for the droplets 504 to arrive at
the reflective mirrors 501.

According to the above data, FIG. 7 depicts the time
sequences of the DPP system signals, including pulses of a
high voltage, contaminating droplet arrivals, a reflective mir-
ror being in a reflective state, and a reflective mirror being in
anon-reflective state, as a function of time in accordance with
various disclosed embodiments. Waveform A corresponds to
pulses of an incident laser beam, waveform B corresponds to
droplet contamination, waveform C corresponds to a reflec-
tive mirror being in a reflective state, and waveform D corre-
sponds to a reflective mirror being in a non-reflective state.
For illustrative purposes, in this case, the high voltage can
have a pulse duration time less than about 10 milliseconds,
and it can take a time of about 10 milliseconds for the droplets
504 to arrive at the reflective mirrors 501.

Waveform A as shown in FIG. 7 depicts a pulse frequency
of a high voltage. The incident laser beam can have a pulse
duration time less than about 10 milliseconds. Correspond-
ingly, waveform B as shown in FIG. 7 depicts a time length
when the droplets 504 can contaminate the reflective mirrors
501. For example, the time length when the droplets 504 can
contaminate the reflective mirrors 501 can start at about 10
milliseconds after starting to apply the high voltage (i.e., start
of the pulse of the high voltage), i.e., at the time when the
droplets 504 can arrive at the reflective mirrors 501.

Therefore, correspondingly, waveform C as shown in FIG.
7 depicts the reflective mirrors 501 being in the reflective state
as a function of time. Because the reflective mirrors 501 need
to accommodate the EUV light, the time length of the reflec-
tive mirrors 501 being in the reflective state can be greater
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than the pulse duration time of the high voltage and less than
the time length that the droplets 504 take to start arriving at the
reflective mirrors 501. The time length that the droplets 504
take to start arriving at the reflective mirrors 501 can refer to
a time length between a starting time of the pulse duration
time of the high voltage and a time when the droplets 504 start
to arrive at the reflective mirrors 501.

Correspondingly, waveform D as shown in FIG. 7 depicts
the reflective mirrors 501 being in the non-reflective state as a
function of time. The reflective mirrors 501 need to be in the
non-reflective state when the droplets 504 may contaminate
the reflective mirrors 501. Therefore, the time length of the
reflective mirrors 501 being in the non-reflective state can be
greater than the time length during which the droplets 504 can
contaminate the reflective mirrors 501. Then the reflective
mirrors 501 can enter the reflective state during the next pulse
of the high voltage.

In one embodiment, the high voltage can be in a pulse
mode, and can have a pulse duration time ranging from about
1 nanosecond to about 1 millisecond. The starting time of
configuring the reflective mirrors 501 to be in the non-reflec-
tive state can lag behind the pulse duration time of the incident
laser beam (i.e., lag behind starting of the pulse) by a time
length (e.g., T2) ranging from about 2 milliseconds to about
12 milliseconds (e.g., about 10 milliseconds as depicted by
waveform D in FIG. 7).

In various embodiments, the plurality of reflective mirrors
can be moved into the non-reflective state at the delay time T2
after a starting time of each high voltage pulse cycle of the
high-voltage discharge. The delay time T2 can be shorter than
or substantially equal to a flight time of the droplets to fly
from the source material to reach a surface of a reflective
mirror of the plurality of reflective mirrors.

The time or the time length of the reflective mirrors 501
being in the reflective state or the non-reflective state needs to
be set based on parameters including a pulse duration time of
the high voltage, an application time of the high voltage, a
speed of the EUV light, designed size of components of the
EUV light source system, type of the EUV light excitation
source material, and/or size of the droplets. In various
embodiments, an additional control apparatus can be pro-
vided to control switching of the reflective mirrors 501
between the reflective state and the non-reflective state, via
electric control, magnetic control, and/or mechanical control.

FIG. 8 depicts a structure diagram of another exemplary
system for EUV lithography light source in accordance with
various disclosed embodiments. In one embodiment, the sys-
tem may further include a droplet collector 540 provided on
an outer periphery of the collector. The droplet collector 540
can be configured to capture the droplets 504 that fly out of or
away from the EUV light excitation source material 502, to
prevent the droplets 504 from contaminating other compo-
nents of the EUV exposure machine.

The droplet collector 540 can include, e.g., a bowl-like
structure or a frame-like structure provided outside the col-
lector and surrounding the collector. When the droplet(s) 504
fly out through a gap between one reflective mirror 501 and
another reflective mirror 501, the droplet collector 540 can
capture the droplets 504, thus preventing the droplets 504
from contaminating other components of the EUV exposure
machine.

According to various embodiments, reflective mirrors can
be configured to be movable and rotatable along a predeter-
mined axis, and thus can be configured to be in a reflective
state or a non-reflective state when accommodating an EUV
light. Thus, when the reflective mirrors converge EUV light
(s) during normal operation, the reflective mirrors can avoid
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droplets, to prevent reflective surface of the reflective mirrors
from being contaminated by the droplets. As a result, main-
tenance cost of the EUV exposure machine can be reduced.

Further, the reflective mirrors can be configured to be in a
reflective state or a non-reflective state. When the reflective
mirrors are configured to be in the reflective state, the plural-
ity of reflective mirrors can be configured to converge EUV
light. When the reflective mirrors are configured to be in the
non-reflective state, the reflective surface(s) of the reflective
mirrors can be rotated to (e.g., parallel to) flight direction of
the droplets, such that contamination of the reflective surfaces
of the reflective mirrors by the droplets can be reduced to a
minimum.

Furthermore, the reflective mirrors can be in the reflective
state or the non-reflective state corresponding to the pulse
mode of the high voltage. The time or the time length of the
reflective mirrors being in the reflective state or the non-
reflective state can be set based on parameters including a
pulse duration time of the high voltage, an application time of
the high voltage, a speed of the EUV light, designed size of
components of the EUV light source system, type of the EUV
light excitation source material, and/or size of the droplets.

In addition, the time length of the reflective mirrors being
in the reflective state can be greater than the pulse duration
time of the high voltage and less than the time length the
droplets take to start arriving at the reflective mirrors. The
time length of the reflective mirrors being in the non-reflec-
tive state can be greater than the time length during which the
droplets can contaminate the reflective mirrors, in order to
further reduce the contamination by the droplets.

Various embodiments also provide a method for EUV
lithography light source operation. The method can include
the following exemplary steps. An EUV light can be gener-
ated using a system for EUV lithography light source. During
generation of the EUV light (e.g., by laser radiation or high-
voltage charging), an EUV light excitation source material
can generate droplets that fly out of the EUV light excitation
source material. When the EUV light excitation source mate-
rial is excited to generate the EUV light, reflective mirrors of
the system can be configured to be in a reflective state. The
reflective state can be suitable for reflecting the EUV light.
After the EUV light excitation source material is excited to
generate the EUV light, the reflective mirrors of the system
for EUV lithography light source can be configured to be in a
non-reflective state. The non-reflective state can be suitable
for avoiding contamination by the droplets.

The system for EUV lithography light source can be a
system for EUV lithography light source as described in
various disclosed embodiments (e.g., in FIGS. 2A-2B, FIG.
4, FIGS. 6A-6B, or FIG. 8). The reflective state can be suit-
able for reflecting the EUV light. The non-reflective state can
be suitable for avoiding contamination by the droplets.

When the reflective mirrors are configured to be in the
reflective state, the plurality of reflective mirrors can con-
verge the UV light. When the reflective mirrors are configured
to be in the non-reflective state, the reflective mirrors can be
rotated such that reflective surface(s) of the reflective mirrors
can be aligned with (e.g., parallel to) flight direction of the
droplets, or such that non-reflective surface(s) of the reflec-
tive mirrors can face toward flight direction of the droplets.
That is, the reflective mirrors are switched to positions having
the least contact surface with the droplets. Further details can
be similar to or the same as described in various disclosed
embodiments (e.g., in FIGS. 2A-2B, FIG. 4, FIGS. 6 A-6B, or
FIG. 8).

In one embodiment, when an EUV generation apparatus
generates an EUV light by exciting the EUV light excitation
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source material using a laser-plasma mode, the laser can be in
a pulse mode. The time length of the reflective mirrors being
in the non-reflective state can lag behind a pulse duration time
of the incident laser beam, in order to avoid facing flight
direction of the droplets.

In another embodiment, when an EUV generation appara-
tus generate an EUV light by exciting the EUV light excita-
tion source material using high-voltage discharging (i.e.,
using a discharging-plasma mode), the high-voltage dis-
charging can be in a pulse mode. The time length of the
reflective mirrors being in the non-reflective state can lag
behind a pulse duration time of the high voltage, in order to
avoid facing flight direction(s) of the droplets.

According to various embodiments, when an EUV light
excitation source material is excited to generate an EUV light,
reflective mirrors of a system for EUV lithography light
source can be configured to be in a reflective state. After the
EUYV light excitation source material is excited to generate the
EUV light, the reflective mirrors of the system can be config-
ured to be in a non-reflective state, such that the reflective
mirrors can avoid droplets, and prevent reflective surface of
the reflective mirrors from being contaminated by the drop-
lets. As a result, maintenance cost of the EUV exposure
machine can be reduced.

As further disclosed in various embodiments, an apparatus
for decontaminating light source used in EUV Lithography is
also provided. The apparatus can include an EUV light exci-
tation source material (also referred to as an EUV generating
material) provided in the middle of a collector (the collector is
also referred to as a light collection system). The collector can
include a plurality of movable mirrors. The mirrors can have
high reflection coating for EUV lights.

In one embodiment, the apparatus can include one or more
pulsed laser systems emitting pulsed light to excite EUV
photons from the EUV light excitation source material. In
another embodiment, the apparatus can include a pulsed high-
voltage discharge system exciting EUV photons from the
EUYV light excitation source material.

Further, the apparatus can include a mirror control system
synchronized with the laser systems or the pulsed high-volt-
age discharge system. Thus, the mirrors can be set to reflect
the EUV light to a predetermined orientation (i.e., in a reflec-
tive state) when the EUV light is emitted, and the mirrors can
be set to deflect (i.e., in a non-reflective state) to avoid drop-
lets from the EUV light excitation source material.

A starting time of the reflective mirrors being in the non-
reflective state can lag behind a starting time of the pulse
duration time of the incident laser beam or the high-voltage
discharge by a time length ranging from about 2 milliseconds
to about 12 milliseconds, e.g., of about 10 milliseconds. That
is, the starting time of the reflective mirrors being in the
non-reflective state can be substantially the same as the time
when the droplets can start to arrive at the reflective mirrors,
e.g., about 10 milliseconds after starting time of the incident
laser beam or the high-voltage discharge.

The mirror control system can be implemented on any
appropriate computer system. For example, FIG. 9 depicts an
exemplary computer-based mirror control system consistent
with the disclosed embodiments. As shown in FIG. 9, the
exemplary computer system 900 may include a processor
902, a storage medium 904, a monitor 906, a communication
module 908, a database 910, peripherals 912, and one or more
bus 914 to couple the devices together. Certain devices may
be omitted and other devices may be included.

The processor 902 can include any appropriate processor
or processors. Further, the processor 902 can include multiple
cores for multi-thread or parallel processing. The storage
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medium 904 may include memory modules, e.g., Read-Only
Memory (ROM), Random Access Memory (RAM), and flash
memory modules, and mass storages, e.g., CD-ROM, U-disk,
removable hard disk, etc. The storage medium 904 may store
computer programs for implementing various processes (e.g.,
synchronizing moving of reflective mirrors with the laser
systems or the pulsed high-voltage discharge system, to prop-
erly configure direction of the reflective mirrors), when
executed by the processor 902.

The monitor 906 may include display devices for display-
ing contents in the computing system 900. The peripherals
912 may include 1/O devices such as keyboard and mouse.

Further, the communication module 908 may include net-
work devices for establishing connections with other com-
puter systems or devices via a communication network. The
database 910 may include one or more databases for storing
certain data and for performing certain operations on the
stored data, e.g., storing data of pulse generation by laser
systems or the pulsed high-voltage discharge system, etc.

The embodiments disclosed herein are exemplary only.
Other applications, advantages, alternations, modifications,
or equivalents to the disclosed embodiments are obvious to
those skilled in the art and are intended to be encompassed
within the scope of the present disclosure.

What is claimed is:

1. A system for extreme ultraviolet (EUV) lithography
light source, comprising:

a pulsed laser radiation apparatus configured to provide

laser radiation;
an EUV light excitation source material configured to
receive the laser radiation to generate an EUV light,
wherein the laser radiation generates droplets from the
EUV light excitation source material;

acollector configured to collect the EUV light, comprising:
a plurality of reflective mirrors surrounding the EUV
light excitation source material, wherein the plurality of
reflective mirrors are movable; and

a mirror control system synchronized with the pulsed laser

radiation apparatus and configured to set the plurality of
reflective mirrors to be simultaneously in a reflective
state for reflecting the EUV light and configured to set
the plurality of reflective mirrors to be simultaneously in
a non-reflective state by rotating the plurality of reflec-
tive mirrors to be substantially parallel to a correspond-
ing flight direction of droplets for preventing contami-
nation by the droplets.

2. The system according to claim 1, wherein the laser
radiation comprises a pulse laser, or a continuous laser modu-
lated into pulsed radiation.

3. The system according to claim 1, wherein: the plurality
of reflective mirrors are moved into the non-reflective state at
adelay time T after a starting time of each laser pulse cycle of
the laser radiation, wherein the delay time T is shorter than the
flight time of the droplets to fly from the source material to
reach the surface of a reflective mirror of the plurality of
reflective mirrors.

4. The system according to claim 3, wherein the delay time
T ranges from about 2 milliseconds to about 12 milliseconds.

5. The system according to claim 1, wherein the EUV light
excitation source material includes Xe, Sn, Li, or a combina-
tion thereof.

6. The system according to claim 1, wherein the reflective
surface of the plurality of reflective mirrors each comprises: a
material including molybdenum, molybdenum alloy, silicon,
ruthenium, a ruthenium alloy, or a combination thereof; or
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a multi-layer structure including a silicon molybdenum
film, a molybdenum alloy, ruthenium, a ruthenium alloy
film, or a combination thereof.

7. The system according to claim 1, further including: a
droplet collector provided on an outer periphery of the col-
lector.

8. A system for EUV lithography light source, comprising:

a pulsed high-voltage-discharge apparatus configured to
apply a high-voltage discharge;

an EUV light excitation source material configured to
receive the high-voltage discharge to generate an EUV
light, wherein the high-voltage discharge generates
droplets from the EUV light excitation source material;

acollector configured to collect the EUV light, comprising:
a plurality of reflective mirrors surrounding the EUV
light excitation source material, wherein the plurality of
reflective mirrors are movable; and

amirror control system synchronized with the pulsed high-
voltage-discharge apparatus and configured to set the
plurality of reflective mirrors to be simultaneously in a
reflective state for reflecting the EUV light and config-
ured to set the plurality of reflective mirrors to be simul-
taneously in a non-reflective state by rotating the plural-
ity of reflective mirrors to be substantially parallel to a
corresponding flight direction of droplets for preventing
contamination by the droplets.

9. The system according to claim 8, wherein the pulsed
high-voltage-discharge apparatus comprises a pulsed high
voltage generator, or a continuous high voltage generator
followed by a pulse modulator.

10. The system according to claim 8, wherein:

when the plurality of reflective mirrors are in the reflective
state, the plurality of reflective mirrors are configured to
converge the EUV light; and

20

25

18

when the plurality of reflective mirrors are in the non-
reflective state, the plurality of reflective mirrors are
rotated to be substantially parallel to a corresponding
flight direction of the droplets.

11. The system according to claim 8, wherein:

the plurality of reflective mirrors are moved into the non-

reflective state at a delay time T2 after a starting time of
each high voltage pulse cycle of the high-voltage dis-
charge, wherein the delay time T2 is shorter than the
flight time of the droplets to fly from the source material
to reach the surface of a reflective mirror of the plurality
of reflective mirrors.

12. The system according to claim 11, wherein:

the high-voltage discharge is in a pulse mode having a

pulse duration time ranging from about 1 nanosecond to
about 1 millisecond; and

the delay time T2 ranges from about 2 milliseconds to

about 12 milliseconds.

13. The system according to claim 8, wherein the EUV
light excitation source material includes Xe, Sn, Li, or a
combination thereof.

14. The system according to claim 8, wherein the reflective
surface of the plurality of reflective mirrors each comprises:

amaterial including molybdenum, molybdenum alloy, sili-

con, ruthenium, a ruthenium alloy, or a combination
thereof; or

a multi-layer structure including a silicon molybdenum

film, a molybdenum alloy, ruthenium, a ruthenium alloy
film, or a combination thereof.

15. The system according to claim 8, further comprising:

a droplet collector provided on an outer periphery of the

collector.



